Kimchi is a Korean fermented food that is prepared through a series of processes including pretreatment of Chinese cabbage, salting, blending with various spices and other ingredients, and fermentation. The characteristics of kimchi differ depending on the kimchi variety, raw materials, processing methods, and fermentation conditions. Kimchi fermentation is initiated by the various lactic acid bacteria (LAB) present in the raw materials. Sugars in raw materials are converted to lactic acid, acetic acid, carbon dioxide, and ethanol by hetero and homo fermentative LAB during kimchi fermentation, along with other chemical changes. Many physicochemical and biological factors influence kimchi fermentation. This review covers in some detail the factors affecting kimchi fermentation.
I . Introduction
Kimchi is a Korean fermented vegetable food that are salted, blended with various ingredients and fermented for a certain period of time at ambient temperature. The characteristics of kimchi differ depending on the variety of kimchi. The varieties result from the raw materials used, processing methods, season, geographic area and the functional properties of kimchi. More than 200 kinds of kimchi are available in Korea, but kimchi can be classified into two major groups: ordinary and mu/-kimchi (water-kimchi).
Ordinary kimchi without added water includes baechukimchi (diced Chinese cabbage), tongbaechu-kimchi (whole Chinese cabbage), yeolmoo-kimchi (young oriental radish) and kakdugi (cubed radish kimchi). Mu/-kimchi includes baek-kimchi baech u kimchi with water), dongchimi (whole radish kimchi with water) and nabak-kimchi (cut radish and Chinese cabbage)." The raw materials used for kimchi preparation are divided into three groups, major, subingredients (spices) and optional ingredients. A recipe for the simplest kimchi may include cabbage 100g, garlic 2g, red pepper powder 2g, green onion 2g, and ginger 0.5g, with an optimum salt content of 2-3% .
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The optimum pH for the best taste of kimchi is 4.2-4.5 with an optimum acidity of 0.6-0.8% as lactic acid. The best taste is attained after 2-3 days of fermentation at 20 °C with 2-3% salt. Kimchi has a unique sour, sweet, carbonated taste and usually is served cold. Also, kimchi contains, a large amounts of live lactic acid bacteria (LAB).
In this respect, kimchi differs from Western sauerkraut and Japanese asatsuke. The former is only acidic in taste (therefore lacking the complex taste of kimchi) and is served warm, while the latter is not a fermented product and contains few live LAB.
The total kimchi production was estimated to be 1,500,000 M/T in 2000 and one fourth of the kimchi consumed was commercially produced. Ac- The sugars present in the raw materials are converted to lactic acid, acetic acid, carbon dioxide and ethanol by hetero fermentative LAB during kimchi ripening, and these acids and carbon dioxide are responsible for the fresh and carbonated taste of kimchi. However, after a certain period of time excessive lactic acids are formed and undesirable flavors develop due to the growth of homo fermentative LAB and yeasts.1. 2) In the kimchi fermentation system, the hetero fermentative LAB producing organic acids and carbon dioxide from sugars are major species in the maintained during fermentation and preservation. If the salt concentration is below the optimum concentration, fermentation proceeds too quickly and can cause excessive acidification and softening.
On the other hand, color and flavor are not acceptable when the salt concentration is over 5%.2) Depending on the salting time, free sugars and amino acids are reduced in raw cabbage and the texture, chemical and physical properties, and total microbial counts change during saltine') Generally, salting reduces the moisture content (10-12%), relative volume, and weight, as well as the internal void space of the cabbage. These changes affect the physical properties of the vegetable, especially the flexibility and firmness of the tissue, which gives a distinctive textural property to the final product. As a result of brining, the total amount of microorganisms, such as aerobic counts, in salted cabbage are reduced (11-87%), and LAB increase (3-4 times). The amount of reducing sugars also decreases. (7-17%) 7, 11) Washing conditions for salted cabbage is also important for quality preservation of the kimchi.'2) Chinese cabbage treated with a 1000 ppm solution of grapefruit see extract or citric acid at 10°C shows a retarded increase in titratable acidity and a decrease in pH and reducing sugar concentration.". Kimchi made from Chinese cabbage soaked in a heated 10% salt solution at 40°C has improved quality and shelf-life.' Fig.2 shows the effect of salt concentration and temperature on acid production during kimchi fermentation.H) Total acid was more at lower salt concentration (2.25%) than at any temperature tested for high concentration. At the lower salt concentration, maximum acidity was reached in a shorter period of time. At 30°C and 2.25-3.5% salt concentration, the acidity of kimchi was maintained in the same pattern throughout. An acidity of 1.55% was reached in 5 days and was maintained at 1.6% thereafter, but at 5.0 and 7.0% salt concentration, the acidity reached 1.4 and 1.1% after 5 and 6 days, respectively.
The effect of salt concentration on dongchimi (ponytail Chinese radish kimchi) fermentation was also studied's). Diced Chinese radishes were fermented at 4°C with a salt concentration of 1.5- 3.0%) in water was conducted, and it was found that the pH was the lowest and the acidity the highest in the in u/-kimchi containing 1.0% salt.
The total vitamin C content in mui-kimchi containing 3.0% salt was higher than in the low-salt samples after the optimum ripening time and the overall palatability of mui-kimchi showed the highest score in the 1.0% salt sample.16)
Temperature
After salt concentration, the most important factor affecting kimchi fermentation is temperature, since the kimchi fermentation occurs mainly by the microorganisms naturally present in the raw materials. Kimchi is now available year-round but the quality of .kimchi differs depending on geographical location and season.
Ambient temperature is used for making kimchi for personal consumption. Kimchi fermentation and over acidification occurs simultaneously at ambient temperature. Fig.3 shows the changes of pH and total acids during kimchi fermentation at various temperatures. Ripening time of kimchi depends on the fermentation temperature, therefore differences in pH and acidity were seen. At 20°C , the pH dropped sharply with increasing acidity, but pH and acidity at 10°C changed more slowly than at higher temperatures. Maximum total acid produced in kimchi at 20°C
and 15°C is 1.6%, but never exceeds 1.2% at 10°C.
A panel evaluation determined that the pH and acidity of the optimum ripening period for kimchi were 4.2-4.5 and 0.6-0.8% (as lactic acid), respectively.') The optimum ripening time and the edible period for kimchi varied depending upon the fermentation temperature and salt concentration as shown in Table 1 . At 30°C, the optimum ripening period was 1 day and the edible period was 1-2 days. At lower temperatures, the optimum ripening time and the edible period were longer than at higher temperatures. At 5°C and above 5.0%
salt concentration, kimchi ripened very slowly and at 7.0% salt concentration it did not ripen even after 180 days fermentation. 14)
Chemical changes, LAB and yeast counts in kimchi prepared by commercial manufacturers in large scale were monitored at different fermentation temperatures.
It was confirmed that the optimum pH of kimchi is around 4.2 which was reached within 2 days at 25 °C , 3 days at 15 °C , and 23 days at 5°C fermentation, respectively. 17)
Differences in the quality characteristics such as pH, acidity, reducing sugar content, microbial counts and sensory properties between whole Chinese cabbage kimchi (pogi -kimchi) and sliced Chinese cabbage kimchi (ma t-kimchi) were examined during fermentation at 20°C for 10 days and 5°C for 50 days. Pogi-kimchi showed a slower fermen- 
Tablel.
Optimum ripening time and edible period of kimchis tation, approximately 2 days at 20°C and 10 days at 5 °C , than mat-kimchi. Odor, color and flavor scores for the kimchi were higher in the samples fermented at 20 °C than those fermented at 5 °C , also there were no great differences in the sensory properties of pogi-and mat-kimchi. The gas composition of the packages containing the kimchi fermented at 20°C showed increased CO2 concentration and decreased 02 concentration after 3 days for both kimchi varieties.'
The effect of fermentation temperature on the sensory, physicochemical and microbiological properties of kakdugi (cubed radish kimchi) and on the free sugar, organic acid and volatile compound levels in kakdugi during fermentation were also investigated. '9.2°) After initial fermentation for 12, 24 and 36 hr at 20°C, kakdugi was fermented for 57 days at either 4 °C , 10°C or 20 °C , respectively. The pH was decreased to between 4.1 and 4.3 from the initial pH 5.8, and the total acidity increased 2-4 times that of the initial value (0.2%). The number of LAB remarkably increased in palatable period and gradually decreased thereafter."' Free sugar levels decreased at each temperature during fermentation (with the -exception of mannitol, levels of which increased) although decreases were less marked in samples fermented at 4t Of the organic acids tested, lactic acid production was the most pronounced, increasing substantially with time and temperature. In contrast, malic acid, which was the most abundant organic acid. initially, decreased in concentration during fermentation, and this decrease was most pronounced at higher temperatures.
Levels of the volatile compound, methyl ally' sulfide, were initially very low, but increased dramatically up to approximately 45 days after which levels decreased. The increase corresponded to increased aroma in the sensory evaluations. These results suggest that fermentation at 4°C , following an initial fermentation at 20°C for 36 hr, is suitable for the production of good quality kakdugi with high free sugar and organic acid contents. 20) In order to investigate the fermentation characteristics of kimchi, which was made at 12°C and fermented at 17°C and 4°C, the pH, total acid concentration, total cell counts of microorganisms, LAB, dissolved carbon dioxide content, reducing sugar content and temperature at the center of kimchi jars were measured . The pH and the total acid content of kimchi that was fermented at 17°C for 4 days were almost the same as those of kimchi fermented at 4°C for 48 days. The total cell counts of microorganisms and LAB in kimchi which were fermented at 17°C for 2 days and 4°C for 9 days were 1. processors. The quality and species of the major ingredients significantly affects fermentation and the product characteristics of kimchi.
The important raw materials of kimchi are divided into three groups: the major raw materials, sub-ingredients (spices) or fermented fishery products, and optional (minor) ingredients. As seen in Table 2 , Chinese cabbage is the most common major raw material for preparing kimchi while radishes are used for kakdugi (cubed radish kimchi) and dongchimi (whole radish kimchi with water) preparation. Cabbage, whole radish, cucumber, mustard leaves, green onion, and leeks which are available in different seasons and localities are the raw materials used for making special kimchi in Korea.
One of the important criteria for making the good taste of kimchi is the selection of good quality raw materials, followed by formulation of kimchi ingredients and seasonings. Table 3 shows the basic ingredients for making baechu-kimchi, kakdugi, dongchimi, and m ulkimchi, but the most simple kimchi recipe includes salted cabbage 100 g, hot pepper powder 2 g, garlic 1.5g, green onion 2 g, ginger 0.5 g and final salt concentration of 2-3%.14)
Generally softer texture and higher sugar content vegetables are desirable for making good quality and good tasting kimchi. However, hard texture vegetables are more favorable for longterm preservation without softening!' Among the many kinds of kimchi, baechu-kimchi has been consumed for the longest time as a tradi tional fermented vegetable food in Korea. The kind and amount of ingredients involved in baechu-kimchi preparation affect the kimchi fermentation rate. Effects of raw materials and ingredients on kimchi fermentation have been extensively studied."-")
Besides the temperature and salt concentration, the type of kimchi is also a factor in controlling kimchi fermentation.
Therefore LGDC treated kimchi changed more slowly than that of the control during fermentation.
The shelf life of LGDC treated kimchi was extended by more than 10 days compared with the control."
By the addition of 1% mixed extract of Lithospermurn erythrorhizon and Scutellaria baicalensis and 1% crab shell treated with ozone to kimchi, color, flavor, and sourness were negatively effected to a slight degree, while texture and overall acceptability were found to be the same or slightly improved compared with untreated kimchi.') It was also found that the kimchi containing. 2% ozone treated crab shell powders showed both strong neutralization action for 0-25 days and buffer action after 25 days during fermentation at WC.") Addition of 500 ppm grape fruit seed extract (GFSE)) showed the highest pH during fermentation at 20°C and the lowest titratible acidity cornpared with the control. The total microbial counts were higher than the LAB counts immediately following the preparation of kimchi, but they were similar after three days. However, sensory evaluation of 3 day old kimchi samples showed a significant difference (P<0.05) between the control and the treated kimchi (100, 300 and 500ppm) when evaluating odor, color and taste. Only the 50 ppm GFSE sample was found not to be significantly different from the contro1.52) Recently, the fermentation characteristics of mustard leaf kimchi with added green tea and pumpkin powder have been studied and it was found that the sensory scores for flavor, aroma and overall acceptability were highest in the kimchi with 0.3% pumpkin powder and 0.2% green tea powder.") The effect of chitosan (0.5%) on the properties of kimchi was studied during fermentation at 20 °C for 8 days. It was found that chitosan reduced the total number of microorganisms and levels of Leuconostoc species and Lac. plantarum in kimchi, and the lower molecular weight chitosan fraction had the greatest effect on the levels of Leuconostoc species. Also, chitosan reduced the intensity of sour and stale flavor in kimchi, and the content of reducing sugar in control kimchi was lower than in the chitosan containing kimchi for the first 6 days of fermentation at 20 °C.
Malic acid content was lower and lactic and acetic acid content were higher for the control kimchi than for the chitosan containing kimchi for the first 4 days of fermentation. Control kimchi contained more succinic acid than the chitosan containing kimchi for the first 2 days of fermentation!' Leuconostoc species and Lac, plantarum were higher in the control than in the chitosan containing kimchi dissolved in 0.3% acetic acid and 0.05% sodium benzoate.') It was also Because the acid production from the hetero fermentative type LAB is lower than that of the homo fermentative type LAB, the addition of an acid tolerant mutant strain Leu. mesenteroides as a starter for kimchi fermentation may inhibit the rapid pH decease and lactic acid production during kimchi fermentation. Therefore, the mutant strain Leu. mesenteroides M-10, which could grow at low pH (3.0) at 10°C and produced more CO2 than the wild type, was found to be a superior kimchi starter. With respect to total acceptability, the kimchi prepared using the mutant strain M-10 was better than the other strains, and use of the mutant strain extended the optimum ripening period of kimchi by two fold compared with that of the control. These results show that a mutant strain of Leu. mesenteroides which is more stable to growth in acidic conditions was able to extend the edible period of kimchi. Kimchi with added mutant strain P-100 had better taste than that of control kimchi by the sensory evaluation test and the optimal pH range of kimchi extended up to about 2.2-2.5 times. In the kimchi added with Leu. pararnesenteroides P-100 , the succinic acid content was higher than for that of the others tested, and the total number of Lac. plantarum was reduced about 2.5 fold when compared to the control kimchi.") Leu. mesenteroides M-100, an acid tolerant mutant derived from the wild type strain Leu. mesenteroides Mw, and Sac. fermentati YK-19, an acid utilizing and aromatic flavor producing yeast, The inoculation with mutant strains of Leu. mesen teroides and Leu. paramesen teroides increased adipic acid resistance compared with the wild type species and its effect on the shelf-life of kimchi were evaluated. The combination of both mutants was more effective than that of any single strain in extending shelf life of kimchi. The optimum inoculation was 0.005% of a 1:10 mixture of Leu. mesen teroides: Leu. paramesenteraides according to the results from acidification tests and sensory analysis.')
III. Conclusion
Kimchi has a unique taste characteristics having sour, sweet and carbonated tastes with medium texture. In this respect kimchi differs greatly from sauerkraut that is popular in the West. The optimum acidity, pH and salt concentration of kimchi are 0.6-0.8% (as lactic acid), 4.2-4.5 and 2.0-3.0%, respectively. Kimchi 4rmented at lower temperatures are superior in quality and taste to those fermented at higher temperatures.
Kimchi fermentation is complex and is due mainly to certain LAB and yeasts naturally present in the raw materials. Several physicochemical and biological factors such as salt and sugar concentration, temperature, raw materials, natural preservatives and starter culture influence the quality of kimchi. Among the many factors affecting kimchi fermentation, salt content and temperature are the most important, followed by the quality of raw materials and microorganisms, typically hetero fermentative LAB and psychrotrophic yeasts.
The salting of the major raw materials of kimchi is a very important step for fermentation and for the quality of the kimchi. The optimum salt concentration of kimchi is around 2.0-3.0%. Under the optimum salt concentration, temperature is the next important factor for controlling kimchi fermentation and preservation, The 
